To produce quality textile products, many stable synthetic dyes are invented. However, textile wastewater discharged into the environment contains a large amount of dyes which are bio-recalcitrants and stable to heat and solar radiation. These toxic contaminants impact negatively the environment for a long time and poison plants, animals, and human. In this study, Heterogeneous Electro Fenton process with Fe 3 O 4 -Mn 3 O 4 as a catalyst was used for textile wastewater treatment. Graphite electrodes were chosen for their stability and good conductivity. Three operating factors greatly affected the removal efficiency are current density, pH and catalyst dosage. Response surface methodology was applied to find empirical mathematical models for these factors, then find an accordant operating condition for treatment which provides high removal efficiency and low operating cost. Investigated ranges scaled in previous studies were: current density (10 -20 mA/cm 2 ), pH (3 -5), and catalyst dosage (0.5 -1.5 g/l). At current density of 17.03 mA/cm 2 , pH of 3.77, catalyst dosage of 1.17 g/l, the treatment reached its optimum condition, COD and Color removal efficiencies were 93.3 % and 99.2 %, respectively, where COD and Color values in the effluent are 56 mg/l and 16 Pt-Co.
INTRODUCTION
Main pollution in textile wastewater often originate from dyeing and finishing processes. Textile wastewater contains high non-biodegradable organic loading and toxic compounds, the structures of dye molecules are generally complex and stable to heat and light. Furthermore, synthetic dyes usually contain aromatic rings which are harmful and transformable into toxic compounds could be found in chlorination process of wastewater treatment plan. Even if dye in the water resource remain at low concentration, the Turbidity and Color will be increased. So these wastewater sources are hard to discharge to the environment legally [1] .
Biological treatment, a popular stage in wastewater treatment plan, can't be used in this situation, when 53 % of 87 colors are stable with biological agent [2] . Other treatment processes such as adsorption, coagulation and filtration are very expensive and a large amount of sludge will occur [3] . Among advanced processes, Electro Fenton process is based on the continuous supply of H 2 O 2 . Fe(OH)
2+ was reduced at the cathode, and Fe 2+ ion will be created. This ion will work as catalyst for the Fenton reaction. Due to this process, a high amount of sludge is discharged and many chemicals must be used. Furthermore, sedimentation velocity of sludge is not high so the volume of sedimentation tank will increase. This disadvantage can be solved by Heterogeneous Electro Fenton (HEF) process with Fe 3 O 4 -Mn 3 O 4 as a catalyst, in this process, Fe 3 O 4 -Mn 3 O 4 was quickly separated by a magnet and recycled for the treatment and little chemicals was used.
The Mn 3 O 4 has redox cycle between Mn(II)/Mn(III) = 15.1 V, which could be used as a good catalyst [4] . Many evidences showed that Manganese ion play a similar role with Fe ion in Fenton-like processes [4] . Furthermore, Fe 3 O 4 -Mn 3 O 4 was used in heterogeneous Fenton processes to treat some dyes and antibiotics which have total removal efficiency of over 95 % [5, 6] . 
Many previous reports showed that, pH, catalyst loading, current density (J) are significantly influent to the HEF process [7] . These parameters were investigated simultaneously by Response surface methodology. To lower the investment cost, carbonaceous materials such as graphite electrodes will be used instead of Platinum or Iridium.
To the best of our knowledge, the application of Fe 3 O 4 -Mn 3 O 4 in HEF process for real textile wastewater treatment has not been reported. This study was carried out to determine the optimum operating condition of three parameters, including catalyst dosage, pH, and current density to remove Color and COD from a real textile wastewater.
MATERIALS AND METHODS

Wastewater characteristic
Wastewater was collected from the equalization tank of THANHCONG Textile Garment Investment Trading Joint Stock Company wastewater treatment plan. Then, coagulation with FeCl 3 1 % w/w was performed to remove suspended solid [8] . The characteristics of the sample after pre-treatment are shown in Table 1 .
Materials and Apparatus
Fe 3 O 4 -Mn 3 O 4 was synthesized by co-precipitation method [5] and characterized for solid identification by X-ray diffraction (XRD) analysis. K 2 CrO 7 (Merck, Germany), FeSO 4 .7H 2 O (Merck, Germany), and Fe(NH 4 ) 2 (SO 4 ) 2 .6H 2 O (Merck, Germany) were used for COD analysis.
Color of the sample was determined by 2120C, Spectrophotometric Method (EPA, 1999).
pH meter (WTW Inolab 7110, Germany) was used to measure pH. Graphite plates with 40 cm 2 areas was used as electrodes. 
HEF Model operation
A 500 ml glass beaker was used for the reaction. Cathode and anode were connected to the power supply (MATRIX MPS-3005S) to provide constant voltage. The distance between electrodes was fix at 4 cm. An air blower was pumped at 1 l air /l sample /min near the cathode and Magnetic stirring with 100 rpm was used to avoid separation ( Figure 1 ). The HEF process was then performed under differential operation condition, which were adjusted for each set experiment. Next, the solution was separated by a centrifuge, the water was used for COD and color analyses. The electrodes were washed with HCl 1N solution and distilled water after the experiments.
Data handling
Experimental designs were made by using Modde 5.0 (Umetrics, Umea, Sweden). Based on Box Behnken Design, 15 experiments were designed for 3 factors at three levels, including catalyst dosage (x 1 ; 0.5, 1, 1.5 g/l), pH (x 2 ; 3, 4, 5), and Current density (x 3 ; 10, 15, 20 mA/cm 2 ), 2 responses were the removal efficiencies of COD (Y 1 ) and Color (Y 2 ). The polynomial models for the removal efficiencies of COD and color with respect to the HEF variables were expressed as equation (4) (5):
where Y, % is the removal efficiencies of COD or Color, X in is the input of COD, mg/l or Color, Pt-Co, X out is the output of COD, mg/l or Color, Pt-Co.
Parameter Analysis
Sample parameters were analyzed based on EPA and national technical regulation: Color (2120C, Spectrophotometric Method (EPA, 1999)); COD (5220D. Closed Reflux, Titrimetric Method (EPA, 1999); pH (TCVN 6492:2011).
RESULTS AND DISCUSSION
Statistical Analysis and Second-order Polynomial Equation
The ANOVA for the polynomial models of HEF process is shown in Table 2 . The determination coefficient values (R 2 ) of the model were 0.970 and 0.994 for Y 1 and Y 2 , respectively, which were higher than 0.97 and considered as realizable model [10] . The F values calculated for the model regressions were 18.139 for Y 1 and 85.002 for Y 2 . All these values were greater than 3.29 as theoretically calculated for 95 % confidence level as given by Neto and Scarminio [11] , corroborating that the developed models are statistically significant. In addition, the F values calculated for the lack of fit of the models were 2.072 for Y 1 and 1.831 for Y 2 , which were both lower than 19.30 tabulated for 95 % confidence level as given by Neto and Scarminio [11] . The residuals for Y 1 and Y 2 are distributed without rule around the mean, so the agreement of the models Figure 2 (a), (b) are good and systematic errors are eliminated [12] . Figure 2(c),(d) show that, the data points on these graphs lied close to a diagonal lines, so all variations in the second-order equations are significant factors. All these evidences were proved for the comfort of initial assumptions [11] .
The ANOVA for the polynomial equations is shown in Table 3 . Almost p values were lower than 0.05, implied that the model terms were significant at 95 % of probability level [11] . In the polynomial equation for Y1, three model terms x 1 x 2 , x 1 x 3 , x 2 x 3 have p values higher than 0.05, indicated that there are no interaction between x 1 , x 2 , x 3 in pairs. Model terms where p values higher than 0.05 were ignored from the equations. The final equations were displayed in equation (6), (7) With Modde 5.0 software, the maximum points represented the optimum condition were shown in Figure 3 . In view of that, the optimal condition was at pH = 3.8, catalyst dosage = 1.1 g/l, and current density = 17 mA/cm 2 . The treatment at this condition provide the removal efficiencies of 93.2 % for Y 1 and 99.6 % for Y 2 .
To evaluate the precise of the predicted optimum condition, some experiments were made at this condition. Table 4 shows that, the removal efficiencies of COD and Color were 91.6 % (COD = 56 mg/l) and 98.4 (Color = 16 Pt-Co) observed that the experimental values and predicted values were similar. Furthermore, Color and COD in the effluent achieved the QCVN 13:2015/BTNMT (Column A). These results are slightly different from previous reports [4] [5] [6] 8] because of the different in wastewater, treatment process and experiment design method. 
